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Introduction 19
Developmental plasticity plays an important role in the reproductive division of labour in social 20 insects (Page & Amdam 2007) . Caste differentiation in eusocial colonies is usually dependent on 21 social stimuli as well as other environmental cues (Hartfelder & Engels 1998; Korb & Hartfelder 22 2008) . Although a fertilized egg is thought to be totipotent and able to develop into any caste, 23 only a few individuals eventually become reproductives. For example, female honeybee larvae 24 that are fed with royal jelly develop into queens, while others become workers (Kucharski et al. As with most social insects, termites have caste systems resulting from developmental 29 plasticity. In contrast to social Hymenoptera, hemimetabolous termites have both males and 30 females for all castes. Termite colonies are typically founded by a pair of dispersing alates, 31 which become the primary reproductives, i.e., kings and queens. In many "higher" termite genera 32 (Termitidae) and most "lower" termite genera (all other termite families), workers and nymphs 33 can differentiate into neotenic reproductives (ergatoids and nymphoids, respectively) and 34 reproduce in the natal colony (Myles 1999 indicated that worker-reproductive transition was a lengthy process under orphaning condition 55 (30-90 days). If one of the reproductives (e.g., queen) is lost, a stimulatory function from the 56 remaining reproductive (e.g., king) that promotes the formation of neotenic reproductives of the 57 missing sex (e.g., female ergatoid) would be beneficial to the colony. We hypothesized that 58 worker-reproductive transition is regulated in a sex-specific manner in R. flavipes. Specifically, 59 reproductive individuals inhibit same-sex workers, but stimulate opposite-sex workers to 60 differentiate into ergatoids. To test this, we evaluated ergatoid formation in response to the 61 presence or absence of male or female reproductives. As soldier caste is present in all termite
The same set-up was used to test how workers differentiate in response to ergatoids ( Fig.  87 1). Groups of 100 workers were kept with: 1) no reproductives (F-M-); 2) one female ergatoid 88 (F+M-); 3) one male ergatoid (F-M+); or 4) one pair of ergatoids (F+M+). The ergatoids and 89 workers were from the same colony in each group. Fourteen replications using three colonies 90
were conducted, with one colony originally primary-headed and two colonies originally 91 neotenic-headed. Worker differentiation was observed daily for 60 consecutive days, and newly 92 formed ergatoids were removed and their sex was determined. Ergatoids were recognized by 93 slightly heavier cuticle pigmentation, elongated abdomen, and wider thorax than workers ( Fig.  94 2). Female ergatoids were distinguished from males by their enlarged 7th abdominal sternite. We 
Bioassays to Test Soldier Effect 110
Two orphaning assays were conducted to test influence of soldier caste on ergatoid 111 differentiation. The first assay ("single-soldier orphaning assay") simulated natural orphaning 112 condition where freshly collected workers were separated into groups of 100 individuals, and 113 each group was placed with one soldier (Soldier+) or no soldier (Soldier-). Termites were 114 maintained in Petri dishes (6.0 cm in diameter, 1.5 cm in height) lined with moistened 115 unbleached paper towel as food source. Termites were allowed to undergo changes in caste 116 differentiation in the dishes without disturbance, and caste composition and mortality of each 117 group was documented at the end of 60 days. A total of 42 and 45 replicates from four colonies 118 were conducted for soldier+ and soldier-treatment, respectively. 119
We further performed the second assay ("multiple-soldier orphaning assay"), which was 120 conducted with an increased soldier stimulus and observed daily for 60 consecutive days. Groups unpaired t-test, two-sided, n = 42 for Soldier+; n = 45 for Soldier-). At the end of the assay, 180 mortality between Soldier+ and Soldier-groups were not significantly different ( Fig. 5(b) ; t 42 = 181 0.67, P > 0.05; unpaired t-test, two-sided, n = 22 randomly selected from both soldier+ and 182 soldier-groups). The presence of one soldier significantly supressed the differentiation of pre-183 soldiers and soldiers, and the increased total number of pre-soldiers and soldiers are 0.43 ± 0.10 184 in Soldier+ groups and 0.91 ± 0.14 in Soldier-groups (t 85 = 2.71, P < 0.01; unpaired t-test, two-185 sided; data were transformed (square root (x + 0.5)); n = 42 for Soldier+, n = 45 for Soldier-). 186
Similarly, in the multiple-soldier orphaning assay, the soldier caste did not significantly 187 influence the accumulative number of female or male ergatoids in 60 days (Fig. 5(c) ; female: t 18 188 = 0.57, P > 0.05; male: t 18 = 0.44, P > 0.05; unpaired t-test, two-sided; data were transformed 189 (square root (x +0.5)); n = 10 for both Soldier++ and Soldier-groups). Mortality was not 190 significantly influenced by the presence of 4 soldiers ( Fig. 5(d) ; t 18 = 1.02, P > 0.05; unpaired t-191 test, two-sided, n = 10 for both Soldier++ and Soldier-groups). These results support our hypothesis that regulation of worker-reproductive transition by fertile 208 reproductives is sex-specific. More importantly, our empirical evidence demonstrated that the 209 dual regulation (inhibition and stimulation) is employed by both sexes. Ergatoid differentiation 210 occurs after more than 30 days in response to orphaning, but can be significantly accelerated by 211 the presence of a potential mate. Such stimulation by the opposite sex benefits the colony by 212 enabling it to resume reproduction soon after the loss of a queen or a king. Inhibition of 213 development by the same sex, on the other hand, prevents unnecessary investments in 214 reproduction, which, in turn, would be a loss in the labour force. This sex-specific regulation 215
suggests that the development of reproductives is strictly dependent on the reproductive needs of 216 the colony. both sexes (Fig. 6a) . Such a regulatory pattern consists of all possible directions of social 235 regulation, therefore presents a model for understanding the pheromonal and developmental 236 mechanisms underlying neotenic reproduction. Given that previous studies on the differentiation 237 of neotenic reproductives were incomplete or inconclusive ( Fig. 6b-6d ), this study also provides 238 an opportunity for us to re-examine the sex-specificity hypothesis across termite taxa. Foraging 
